The Neuquén-Criollo goat is a significant genetic resource, adapted to the singular harsh environment of North Patagonia. Its present gene pool was built up from different breeds since the Spanish colonization being Angora the latest introduced. High phenotypic diversity and their geographical distribution suggest a subdivision of this goat population into four close sub-areas. As phenotypic characterization was carried out on 827 Criollo adult goats. Analyse were based on fourteen quantitative (morphostructural) and eight qualitative (morphological) variables. Correspondence analyses for qualitative and canonical discriminant analysis for quantitative traits were performed, using hair types as classification variable. Results were consistent in differentiating the four considered sub-areas. Neuquen Criollo breed could be characterized in two ecotypes: Short and Long hair goats, a mixed type area and a crossbred area fulfil the types distribution. Principal divergence factors would be isolation, natural and artificial selection, transhumance and exotic breeds introduction. 
Introduction
The Neuquén-Criollo goat is an important production component for more than 2000 small breeders in Patagonia, but furthermore it is a significant genetic resource, adapted to a singular harsh environment. BARKER (1997) defines the term "breed" as a cultural entity recognized as such by the community where it is found. For a local population like the Neuquén-Criollo goat, this definition represents its identification as a unique genetic resource.
Characterization of this goat breed is the first approach to a sustainable use of its animal genetic resource. According to FAO a global strategy involves: to identify and understand a unique genetic resource in a particular region and to develop the proper use of the associated diversity (FRANKLIN, 1997) . Scarce works deal with the characterization of the genetic resources of goats. Studies on diversity and variability between native goats were performed in Asia, Europe and Africa (MENRAD, 1998; HERRERA et al., 1996; CREPALDI, et al., 2001; OSTERHOFF, 1995) . Few works, however, have explored the variability within undefined goat populations as, is the case of Criollo goats in America. In Argentina there are more than four million goats of different breeds. Most of them belong to undefined populations and are bred in marginal areas of the country. These animals without a defined racial standard, called Criollo, originated during the Spanish conquest and colonization 400 year ago. Breeds like Angora and Tibetans were brought in 1826. Anglo Nubian goats were introduced early in the last century and promptly spread, mostly in the half north of Argentina. The diversity of the genetic pool, different environmental conditions along the country, free mating and natural and artificial selection gave place to different local populations. Recent studies have shown a high diversity in local goats of central, northwest and south of the country (DEZA et al., 2000; ZERPA et al., 2001; LANARI et al., 2000) . These works may explain the diverse identity of local goats, considered until now as a unique gene pool with unknown genetic distinction. In Patagonia, characterized for a harsh environment, poor rangeland and extreme climatic conditions, goat flocks are distributed on the north and west of this region. In north and central Neuquén small holders breed local Criollo goat mainly for meat production. This population was considered unproductive in the past and official efforts were aimed to change these animals for Angora breed, with a defined product like Mohair fibre or recently to get more productive crosses for milk or meat production. Angora goats were introduced into the region in the early XX century and afterwards through a planned program spread out since 1988. Nevertheless the Neuquén-Criollo population remains in those areas of North Neuquen, where Angora and other exotic breeds were not able to survive or produce efficiently. The North Neuquen region, involves more than thirty thousand square kilometres with different landscapes. Important mountain systems are present (Fig. 1 ). Longitudinal and transversal valleys, uplands and isolated areas constitute the physical scenery where this population has evolved. Related to this, particular historical and cultural factors have characterized North Neuquen. In early times this region formed a territorial, social and economic unity with neighbouring regions of Chile and Mendoza Province that was restricted since 1930 and 1976 respectively. This isolation process altered social and economic activities in this region, including livestock production (PÉREZ CENTENO, 2001) . MUELLER (1994) reported four types of Criollo goats, according to their hair length and coat colour. In this work 86 % of 2730 Neuquen-Criollo goats showed down fibres. Long and short hair goats, 25 and 7 cm of staple length respectively were founded, with fleeces with and without a fine inner layer (down fibres). Preliminary field data showed that producers identify Criollo types, showing preferences for some of them according to location.
The hypothesis of the present study is that there are different ecotypes of Neuquén-Criollo goat breed and that they can be characterized through quantitative and qualitative traits, considering also genetic, historical, socio-cultural and geographical aspects. It belongs to a major characterization study, where genetic and productive aspects of this local breed are also considered. It is the first step to the sustainable use of the genetic resources of this goat population related to the traditional production system and natural resources in this area of the North Patagonia.
Materials and Methods
From 1997 to 2001, phenotypic information from 30 flocks distributed in North Neuquén (Patagonia, Argentina), between 36° and 39° Lat S, and 68° and 71° Long W was requested. According to existing information on population distribution (PALMILI, p.c.), the studied area was divided into 4 sub-areas: Añelo (A), Barrancas (B), Pehuenches (P) and Minas Ñorquin (MN). Table 1 describes the principal characteristic of each sub-area. Data from 827 Criollo goats, older than 3 years, were recorded. Variables were classified by their assumed genetic determination pattern (polygenic or oligogenic), in quantitative (10) and qualitative (8) traits. Moreover four body ratios were calculated after AGRAZ GARCÍA (1981) ( Table 2) . Variables with a great environmental influence, as liveweight (LW) and body score (BS) were taken as reference. Information was clustered by sub-area and hair type. Descriptive statistics were obtained for quantitative (n, mean, sd) and qualitative traits (frequency). Qualitative traits association were studied through correspondence analysis (LEBART et al., 1995) . A graphical representation of the relationship of variables was obtained. To examine the association between sub-area and qualitative traits, corresponding subarea were included in the analysis as a supplementary variable. In order to determine the degree of phenotypic similarity or divergence among subareas canonical discriminant analysis was performed (TOMASSONE et al., 1988) . Previously variables with more discriminant power were selected. A dendrogram using UPGMA cluster analysis was constructed from Mahalanobis distance. Statistical analyses were performed with the statistical package SAS/STAT (SAS INSTITUTE, 1990) .
Results
Descriptive analysis Different frequency in hair type and coat colour by sub area was verified (Fig. 2) . Barrancas showed high frequency for S-D goats (61.9 %) with heterogeneous coat colours (75.6 %) while Añelo has mostly white (84.9%) L-D (89.4%) goats. Although in Minas Ñorquín and Pehuenches all types are present, L-D goats prevailed (over 40 %). Presence of down is most frequent, showing Añelo and Barrancas more than 90 % of individuals with down. In Minas Ñorquín 39.2 % of the sampled individuals presented fleeces without down and in Pehuenches 33% (Table 3) . Descriptive analysis of quantitative traits is shown in (Fig. 3) . It is to remark that among sub areas Pehuenches showed negligible quality of representation.
Discriminant analyses of quantitative traits
Stepwise procedure allowed the selection of the most discriminat variables: shin circumference, shoulder width point, withers height, thorax depth, thorax perimeter, head width and head length. Analysis showed that the 2 first canonical variables represented a cumulative 82 % of total variation. Variables HW and SC were the most discriminative in canonical correspondence with the ordinate axis (CAN1) and again SC and HL with coordinate axis (CAN2). Phenogram representing Mahalanobis distances shows two closer sub-areas (Minas Ñorquin and Pehuenches), joined to them Barrancas and Añelo clearly separated from them (Fig. 4) . Discussion Neuquen-Criollo goat population showed a great heterogeneity, whose current structure could be understood taking into consideration its territorial distribution and the historical and cultural context. According to historical regional development, it could be suggest that isolation from neighbours was the main factor that defined this population. The region, formerly a transit and open area, was transformed by successive restrictions in a confined territory. Principal isolation cause was the interruption of traditionally livestock exchange with Chile. The additional restriction of flock movements as a consequence of sanitary barrier with the northern Province Mendoza increased the isolation (PÉREZ CENTENO, 2001; BENDINI et al., 1994) . It could be suggested, that in south Mendoza and Chile local goat populations could have the same original gene pool and consequently evolved to similar phenotypes. 15.4 ± 1.1 15.7 ± 0.9 15.5 ± 1.4 15.2 ± 1.1 15.2 ± 1.1 Thorax depth (cm) 30.5 ± 1.8 31.1 ± 1.8 30.5 ± 1.8 30.5 ± 1.7 30.1 ± 1.9 Thoracic Perimeter (cm) 81.1 ± 7.8 81.9 ± 5.2 85.3 ± 10.7 69.9 ± 5.2 79.6 ± 7.9 Shoulder width (cm)
18.0 ± 1.8 17.5 ± 1.5 18.9 ± 1.9 18.2 ± 1.6 17.6 ± 1.5 Head length (cm) 23.3 ± 1.4 23.8 ± 1.4 23.5 ± 1.2 23.1 ± 1.6 22.9 ± 1.2 Head width (cm) 12.6 ± 0.6 12.9 ± 0.6 12.5 ± 0.5 12.7 ± 0.6 12.4 ± 0.7 Body length (cm) 72.3 ± 4.7 71.3 ± 4.6 72.1 ± 4.9 72.3 ± 4.6 72.8 ± 4.9 Withers height (cm) 64.1 ± 3.3 64.5 ± 3.8 65.0 ± 2.9 62.5 ± 3.1 64.3± 2.9 Shin circumference (cm) 8.6 ± 0.7 8.4 ± 0.5 9.0 ± 0.7 8.5 ± 0. NUEVO (1983) describes five types of goats in the population of the neighbouring Provinces. This author founded that short hair individuals evidence some Anglo Nubian influence. However, in our study were found 88.2 % of S-D goats, with straight cranial profile and 61.9 % with slightly drooping ears that differed clearly from the Anglo Nubian breed, with typical convex CP and drooping ears. S-D goats should have probably other origin.
According to AGRAZ GARCÍA (1981) Criollo populations would have lost size and efficiency in respect to their original ancestors. Among these breeds, only Angora goats were pure reared in similar production systems. It was found that NeuquenCriollo goats presented higher values in size traits (WH, BL, LW) than Angora (LANARI, et al., 2000) . On the other hand, in the present work smaller individuals were found in the crossbred area, located in Minas-Ñorquin. DEZA et al. (2000) and ZERPA et al. (2001) distinguished another Criollo population in Central and North Argentina respectively. These authors referred to the actual influence of exotic breeds, mainly Anglo Nubian and Saanen. This genetic dilution process apparently did not affected to a big extent the Neuquén Criollo population.
Harsh environmental conditions could have limited exotic influence. Angora introduction in north Neuquén was not successful because of its poor adaptation to range conditions of this region. In a less extent were introduced Anglo Nubian bucks but for this breed climatic conditions are intolerable and they do not survive in extensive production systems. Therefore a natural selection pressure through local extreme and harsh environmental conditions would have a positive effect on preservation of the genetic identity of this rustically local goat.
To determine racial origin head profile would be the most important trait (HERRERA et al., 1996) . In this study about 90 % of sampled goats showed straight profile, thereafter Neuquen-Criollo goats would belong to Asiatic stem. Moreover hair types suggest European or Asiatic origin. An important fleece characteristic is the presence of a fine inner layer, or down fibre, typical for traditional goat populations from central Asia (MENRAD, 1998) . This fibre is also associated to wild animals and would have an important role on adaptation to regional climatic conditions. The present study not only confirmed the proportion reported by MUELLER (1994) but also allowed discrimination into sub-areas. Individuals without down were found particularly in Minas-Ñorquin, strongly influenced by Angora goats. Results of descriptive, correspondence and discriminate analysis, showed consistency about diversity distribution within this population, following a geographical pattern. There are two areas, Barrancas and Añelo, where defined S-D and L-D types were present. Mixed situation was observed in Pehuenches area, where all hair types are present and negligible differentiation among hair types within sub-area could be found. Minas-Norquín has showed also all types but furthermore some rare types, L-W and S-W, representing more than 20 and 10 % of sampled goats respectively. Particularly S-D goats from Barrancas were separated from the others types and areas.
Variables that contribute to differentiate groups among Neuquen-Criollo were similar to those found by HERRERA et al. (1996) working on Andalusian breeds and CREPALDI et al. (2001), working on goat populations from the Lombardy Alps.
Graphical representation of correspondence analysis shows closeness between centralwestern and southeast areas, Minas-Ñorquin and Añelo, while after discriminant analyse both central sub-areas were closer. By qualitative traits, coat colour would have played an important role in associating both sub-areas that presented more frequency in white goats. Causes of differentiation could be, environmental conditions of each sub-area, cultural and economic factors. CAPOTE et al. (1992) have differentiated the Canary Goats Group, in defined ecotypes, from determined locations with extreme ecological differences. Even if climatic and rangeland conditions of north Neuquén are not so severe different as in the Canary Island, there are local situations that could decide the preference or selection of a type. Different environments, described in Table 1 , determine climatic variables like snowfall, extreme temperatures and aridity. After preliminary data producers of Barrancas selected S-D coloured goats. This option would be related with usual snowfall in this area. Breeders of others sub-areas preferred white coats. Probably remains the association with Angora, from early times when all goats used to be shorn. Transhumance is cited as a dynamic factor of gene exchange (DRAGANESCU, 1997; MENRAD, 1998) . Since this is a usual practice of this production system (BENDINI et al., 1994; LANARI et al., 2000) its possible consequences was further analysed. Another important factor of significance in evolution would be the introduction of Angora breed particularly in the west area (M-Ñ), where it is common to find white goats with Angora like fleeces. On the other hand crossbred individuals show coarser fibres, with high kemp proportions, that represents a contamination for Mohair fibre.
Crossbreeding has had in this case a negative effect to breeds, loosing NeuquenCriollo its rusticity and Angora its fleece quality. Principal factors in the differentiation process would be: isolation, natural and artificial selection, transhumance and the recent introduction of Angora breed. Moreover differentiation by qualitative and quantitative traits found in the present work has to be confirmed by current studies supported on genetic markers.
